Conclusions-This is a small study, but it shows that, depending on the timing of the lumbar puncture, false negative results can occur with both ferritin and D-dimer measurements. It suggests that neither of these tests adds significantly to the information provided by CT, visualisation of CSF, and spectrophotometry and confirms that, despite the use of spectrophotometry, D-dimer and ferritin assays in selecting patients for angiography, the proportion ofpatients with negative CT scans and colourless CSF with demonstrable vascular lesions remains low.
The patients were divided into three groups for data analysis and the results compared with the existing methods, CT, and angiogram results. Final diagnoses were reviewed by a consultant neurologist. Results-Thirty six patients were recruited. In those patients with confirmed subarachnoid haemorrhage CSF cytology had a low sensitivity and there were false negative results with both the D-dimer and ferritin assays. Eleven patients with a negative or equivocal CT scan underwent angiography, but only one aneurysm and no arterio-venous malformations or bleeding points were identified. In the patient with the aneurysm there was no laboratory evidence of subarachnoid haemorrhage. Six patients had CSF abnormalities detected by the special tests only and in none of these cases was subarachnoid haemorrhage confirmed. All results were normal in four out of five cases of traumatic tap. Conclusions-This is a small study, but it shows that, depending on the timing of the lumbar puncture, false negative results can occur with both ferritin and D-dimer measurements. It suggests that neither of these tests adds significantly to the information provided by CT, visualisation of CSF, and spectrophotometry and confirms that, despite the use of spectrophotometry, D-dimer and ferritin assays in selecting patients for angiography, the proportion ofpatients with negative CT scans and colourless CSF with demonstrable vascular lesions remains low. Early diagnosis and surgery for appropriate cases of subarachnoid haemorrhage is now generally accepted to reduce morbidity and mortality. Most cases present with sudden severe headache associated with nausea and vomiting, meningeal signs, or altered level of consciousness and can be confirmed by computed tomography (CT). There is a group of patients, however, in whom CT is negative or presentation atypical.' 2 Thus, early lumbar puncture with examination of cerebrospinal fluid (CSF) is indicated for all patients with a negative CT scan and any suspicion of subarachnoid haemorrhage.
The CSF findings in subarachnoid haemorrhage include the presence of fresh blood and xanthochromia, but bloodstained CSF can also occur as a result of trauma to the spinal vessels during insertion of the needle. Historically, this problem has been addressed by counting the red cells in a number of consecutive bottles or by centrifuging the specimen and examining the supematant fluid for xanthochromia. More recently, D-dimer3 and ferritin4 assays have been applied in this situation and spectrophotometry has been used to detect minor degrees of xanthochromia. The present study is an attempt to assess whether these tests might be of use in detecting small haemorrhages not causing xanthochromia and to compare the abilities of these tests to distinguish subarachnoid haemorrhage from traumatic tap, and thus to help in the selection of patients for cerebral angiography.
Methods
This study was designed as a collaborative study between the departments of Neurology, Neuropathology, Microbiology, Clinical Chemistry, and Haematology at the Royal Hallamshire Hospital, Sheffield. The patients were admitted over six months under the care of a number of clinical teams. The criteria for inclusion in the study were performance of a CT scan (using a Picker 1 200SX scanner) and submission of a CSF specimen of about 3 ml or more for assessment of xanthochromia. The specimens received in the laboratory were initially observed for the presence of blood and a cell count was performed using a modified Fuchs-Rosenthal counting chamber. A 0-5 ml aliquot was removed for cytology and the remaining CSF was centrifuged at 1500 x g for 10 minutes. The colour of the supernatant fluid was then noted and three further aliquots removed. The uncentrifuged Of the five suspected traumatic taps we examined, four were negative on all tests. The remaining specimen had an amber coloured supernatant fluid and seemed to contain a mixture of haemoglobin and bilirubin on spectroscopy. The D-dimer and ferritin assays were also positive in this specimen.
Discussion
Computed tomography fails to demonstrate blood in the subarachnoid space in a significant proportion of cases of subarachnoid haemorrhage, especially when the patient is orientated at presentation.' 2 5 Further investigation of these patients is complicated by limited resources, the potential hazards of cerebral angiography, and the low prevalence of provable subarachnoid haemorrhage in this group. Any delay in diagnosis, however, may contribute to greater morbidity and mortality.' Opinions vary as to the sensitivity of xanthochromia as a marker for subarachnoid haemorrhage7 8and it has been argued that the disagreement is due to variation in the method of direct visual inspection and the greater sensitivity of spectrophotometry.9 10 Not everyone accepts this explanation, however." This study was performed to compare the sensitivities of a spectrophotometric method for bilirubin with the D-dimer and ferritin assays initially described for use in cases of suspected traumatic tap. Our main question was whether absence of xanthochromia, as defined by visual inspection, or scanning spectrophotometry exclude subarachnoid haemorrhage. Vermeulen et all' obviously thought so and the follow up study of Wijdicks et al,'2 in which 71 patients with sudden onset of headache and no evidence of subarachnoid bleeding on CT or examination of CSF were followed for a mean of 3-3 years, would seem to support this view. The results of such studies, however, may be sensitive to local referral patterns and laboratory methods.
Some of the controversy about xanthochromia probably arises from the meaning assigned to the term. We believe that the term "xanthochromia" should be reserved for the yellow appearance of CSF observed under direct vision. Specimens containing clinically important amounts of free haemoglobin in addition to bilirubin generally look amber or red in colour and a report of amber coloured CSF was initially misinterpreted as excluding subarachnoid haemorrhage in at least one case during the present study. Scanning spectrophotometry has been used for nearly 20 years for the detection of small quantities of bilirubin in the presence of haemoglobin. '3-16 However, when the haemoglobin concentration is very high, the detection of a small amount of bilirubin can be difficult and examination of the first order derivative of the absorption curve (derivative spectrophotometry) may be helpful.'7 18 An even more sensitive method which combines derivative spectrophotometry with formation of azobilirubin has been described recently,'9 but our initial experiments did not confirm any advantage for specimens containing appreciable quantities of haemoglobin. Integration of the first order derivative curve between 503 5 and 505 5 nm was useful for a few specimens with very high haemoglobin concentrations because oxyhaemoglobin causes minimal interference between these wavelengths.
The sensitivity of our D-dimer assay (250 jg/l) was slightly inferior to that in the method CSF. We found this precaution to be unnecessary in practice when specimens were transported and centrifuged without delay.
Confusion can arise in individual cases, as illustrated by case 15. This patient was referred from another hospital with a diagnosis of subarachnoid haemorrhage despite a negative CT scan and a falling red cell count in consecutive bottles of CSF. A second specimen also looked as if it was a traumatic tap and all tests on the CSF were negative. At angiography, however, extensive atherosclerosis and an aneurysm were detected but, unfortunately, the patient sustained a stroke during the procedure. Similar cases have been reported before22-24 and the aneurysms detected are thought either to be unrelated to the presenting headache or to have sustained a minor leak or sudden enlargement. If a minor leak was responsible for the symptoms in our patient, it was not detected by any of the tests used.
As will be apparent from tables 1 and 2, the timing of lumbar puncture affects the diagnostic values of the tests, making conclusions about sensitivities difficult. Both false negative ferritin results (cases 1 and 17) were obtained on specimens taken within 24 hours of the onset of headache. All false negative D-dimer results were on specimens taken at least four days after the event. The non-specific nature of ferritin measurements has been mentioned above and is a potential source of false positive results; however, cases 21 and 26 appeared to have false positive results by spectrophotometry. Case 21 had an increased serum bilirubin concentration, which was probably the cause of the trace of bilirubin detected in his CSF as the onset of his headache was probably gradual, with no signs of meningeal irritation and seemed to wax and wane in severity over the course of several days. In case 26 the presentation was typical of coital cephalgia and again there were no meningeal signs or nausea. Serum bilirubin concentrations were not measured in this patient and the reason for the trace of bilirubin detected in the CSF remains unknown.
In conclusion, we found no cases of subarachnoid haemorrhage with a demonstrable vascular lesion on angiography in the absence of visible xanthochromia. The small size of our study prevents any definitive conclusions regarding the use of these tests, but it shows that, depending on the timing of lumbar puncture, false negative results are possible with both D-dimer and ferritin measurements and that these two tests do not provide clinically relevant additional diagnostic information to CT, visualisation of CSF, and spectrophotometry. Despite the use of spectrophotometry, D-dimer and ferritin measurements in the selection of patients for angiography, the proportion of patients with negative CT scans and colourless CSF with demonstrable vascular lesions remains low.
